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Abstract
We analyze the factors inﬂuencing dropout, deﬁned as not enrolling in the second year of the three years bachelor programs at the
University of Trieste. We consider 23,333 undergraduate students available from the University of Trieste records and enrolled in
the ﬁrst year from 2003 to 2010.
The probability of dropout is modeled assessing the impact of individual and university characteristics and job placement,
including their interactions. Our estimates highlight that all these dimensions are inﬂuencing the outcome. With respect to the
existing literature we aim at exploring a wider set of possible covariates. We employ the random lasso procedure in order to
keep into account the uncertainty due to model selection, which is substantial because of the relatively high number of potential
explanatory variables involved.
We ﬁnd, among the other results, that exists a positive eﬀect on the probability of retention of working in the second year of the
bachelor program and a negative eﬀect on dropout.
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Selection and peer-review under responsibility of the Organizing Committee of IES 2013.
Keywords: University dropout; Student Progression; lasso method;
1. Introduction
The matter of withdrawal from Italian universities is rather relevant because of the persistence of low graduation
rate compared to the average of the OECD countries (OECD, 2013). In addition, the larger part of dropout occurs at
the end of ﬁrst year after enrollment, indicating a probable misleading academic choice. The various factors related to
the dropout have been considered in the Italian and international literatures. To infer the diﬀerences in likelihood of
dropping out, both the socioeconomic and educational backgrounds, the university performance and the labour market
conditions are investigated.
Attempting to estimate the causes of university retention, several authors have noticed that the academic failure
is aﬀected by the educational background along with some personal characteristics of the student (Montmarquette
et al., 2001; Byrne and Flood, 2008; Powdthavee and Vignoles, 2009). The Italian literature on this issue has only
recently developed using administrative data (Boero et al., 2005; Di Pietro and Cutillo, 2008; Belloc et al., 2011). In
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fact, dealing with Italian students dropout, the main problem concerns data availability, because consistent national
databases with full individual student records do not exist. Our paper will carry on the utilisation of administrative
individual data and perform an improvement in the measure of dropout risk, introducing an individual measure of
occupation status. In our analysis as in most of the literature, university dropout is measured by means of a binary
variable indicating retention versus dropout.
Researches based on individual data indicate that socioeconomic and educational backgrounds aﬀect the decision
to enroll at university and, conditional on enrollment, students with better preparedness are less likely to dropout. In
accordance with this literature, Di Pietro and Cutillo (2008) employ a bivariate probit model to predict the university
participation of a representative sample of high school graduates surveyed 3 years after the conclusion of their studies.
They conﬁrm, in line with Cappellari and Lucifora (2009), that students with good high school performance and whose
parents hold a degree, are less likely to withdraw. As regards the score obtained at the end of high school, Boero et al.
(2005) estimate a probit model using administrative data on students of Cagliari and Viterbo universities and they
ﬁnd, not surprisingly, that higher marks inﬂuence negatively the dropout probability. The quality of high school is
also considered by Belloc et al. (2011) who analyse students enrolled at Sapienza University of Rome. They employ
a multinomial model taking into account the diﬀerent causes of dropping out during the three years bachelor program
(dropout, change faculty, change university) and conﬁrm the reduction eﬀect on dropping out of high ﬁnal mark of
diploma. They notice a mixed eﬀect of the diﬀerent types of diploma and consider also a mark-type of diploma
interaction. Moreover, the low university performance of the students is positively related with both withdrawal and
changing faculty or university. Smith and Naylor (2001) include in their analysis the level of unemployment rate in
the country of prior residence of undergraduate students in the UK universities. Using a binomial probit model they
ﬁnd that, for both male and female students, the dropout probability is positively aﬀected by labour market conditions,
and particularly by unemployment in the country of prior residence.
The aim of this paper is to investigate which factors are related to the probability of dropping out at the end of the
ﬁrst year, considering the individual and social characteristics of the students and their occupation state in the Friuli
Venezia Giulia (FVG) region. We are able to investigate such an eﬀect thanks to the availability of the individual data
on university-to-work transitions in the labour market of the FVG region. In order to discover the existing relationships
between the withdrawal likelihood and the covariates, we introduce diﬀerent variable selection techniques.
It is rather common in published statistical analysis trying to predict dropout decisions to estimate a model with
a ﬁxed (and relatively limited) set of covariates, drawing conclusions based on their signiﬁcance or non signiﬁcance
in statistical terms. We take a diﬀerent approach on this respect in that we widen the set of possible covariates
substantially (by considering transformations of the original variables as well as numerous interactions) and try to
discern which ones are more relevant to predict the phenomenon. The use of random lasso mitigates the risk of
ﬁnding spurious relationships.
In particular the random lasso procedure gives a measure of relevance for each variable which is obviously less
clear cut but also more informative than the mere inclusion/exclusion of the variable itself as in the traditional methods.
Moreover it allows to evaluate the uncertainty of the estimated coeﬃcients keeping into account the uncertainty due
to model selection.
As a secondary outcome of our paper, we consider three diﬀerent variable selection mechanisms, in order to identify
the most useful and predicting ones. As noted by Wang et al. (2011) variable selection has been studied extensively
in the literature (see i.e. Tibshirani (1996); Zou and Hastie (2005)), whereas the lasso method proposes by Tibshirani
(1996) has gained much attention in recent years. For the purpose of our estimates, we compare a standard AIC
stepwise selection with the lasso and random lasso.
The plan of the paper is as follows. Section 2 describes the sample selection and the relevant variables for the
analysis; section 3 presents the statistical model speciﬁcation. Empirical results and conclusions are detailed in
section 4 and 5, respectively.
2. Data
The empirical analysis is based upon a data set obtained by matching administrative data of the University of Trieste
with data from the job market Agency of the FVG Region, concerning students who have entered the university for
the ﬁrst time in academic years 2003/04 to 2010/11. 23,333 students enrolled in 12 faculties are considered, of which
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16,205 regular, 2,723 with interruption spells and 4,405 dropped from university registers. The students’ status and
careers were observed at the cut-oﬀ date 31st December 2011 (ﬁrst term of the ﬁnal year). The tax identiﬁcation
number of the student is used to merge the diﬀerent registers.
The Job Agency of FVG Region records a number of characteristics for the new contracts for employment, among
which the type of contract and the number of worked days. The data cover the private sector contracts from 2003
to 2007 and both private and public sector from 2008. This allows us to identify those students who also work and
to include this information as a possible covariate explaining the dropout probability. We consider full-time, part-
time and mixed-form contracts, the number of days worked during the year or in summer of the ﬁrst or second year,
possibly weighted according to the part-time or full-time character of the job (the weight of part-time worked days is
0.75). Other covariates include: sex, age, residence, high school mark and type of high school diploma (according to
AlmaLaurea classiﬁcation), faculty, enrolling year and course degree, number of exam taken per year, credits (total)
and mark (average), the income-based scholarship and the range of ISEE1 income classiﬁed on the yearly average of
the sample: I class (below the average); II class (above the average); III class (missing value). We also include some
interactions between High school mark and sex, type of high school diploma, faculty, number of working days; type
of high school diploma and number of working days; sex and residence.
Therefore, we consider a total of 30 characteristics as potential covariates in the model. Once the relevant indicator
variables for the main eﬀects of the qualitative covariates and a number of interactions are considered, we end up with
a covariate matrix having 229 columns.
3. Method
We model the dropout probability using a binomial GLM with logistic link, hence the dropout probability for the
i-th subject, πi, is given by
log
πi
1 − πi = α + x
T
i β, i = 1, . . . , n (1)
where xi is the (column) vector of the covariates. Estimates for α and β for a ﬁxed set of covariates are obtained by
maximizing the log-likelihood
l(α, β) =
n∑
i=1
(
yi log πi + (1 − yi) log(1 − πi)) (2)
where yi is the dropout indicator which equals 1 if the i-th subject has dropped.
Variables and interactions to be included in the linear predictor (1) are to be chosen among those described in the
previous section. Eventually, there is a set of 229 variables to choose among.
In order to tackle the issue of selecting the relevant covariates we apply the lasso technique (Tibshirani, 1996),
which implies maximizing the penalized likelihood
n∑
i=1
(
yi log πi + (1 − yi) log(1 − πi)) − λ
P∑
i=1
|βi|, λ > 0. (3)
The penalization factor has two eﬀects: it shrinks all the parameter estimates toward zero (thus making the ﬁnal
estimates biased) and makes some of the parameter estimates equal to zero. In fact, due to the singularity in the
penalization factor a number, depending on the value of the tuning parameter λ, of coeﬃcients βi in the maximum will
be zero. In particular, the greater the value of λ the more coeﬃcients will be zero. Using the lasso one can choose the
covariates and estimate the parameters at the same time. This technique, however, has some limitations, as outlined
by Wang et al. (2011) in the context of a genomic study, where relevant SNPs for celiachy were sought. In particular,
when highly correlated covariates are considered which are all related to the response variable, the lasso will select
one of them and set the coeﬃcients of the other to zero. This may be an undesirable property if we aim at discovering
all the existing relationships between the outcome and the covariates.
1 It is an indicator of the economic situation weighted according to the income and number of household members.
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In order to overcome this and other issues (mainly the high dimensionality of the covariate set) Wang et al. (2011)
propose a method named random lasso. The method basically consists of a two step procedure. In the ﬁrst step an
importance measure of each variable is obtained by repeatedly performing the lasso on bootstrap samples using at
each step a randomly selected subset of the explanatory variables. The purpose of such a procedure is twofold: ﬁrst to
avoid the curse of dimensionality due to the high number of covariates, and, second, to detect the eﬀect of correlated
explanatory variables. In the second step of the procedure, the same algorithm is used, but in performing the random
selection of the explanatory variables, these are chosen with probabilities proportional to the importance measures
obtained in the ﬁrst step.
Our context is diﬀerent from that of Wang et al. (2011), the number of explanatory variables is relatively low and
the issue of correlation is less prominent. However, we deem interesting to compare the results of a standard lasso
with the random lasso method for some sets of explanatory variables showing high correlation.
We consider also a slight modiﬁcation of the method. The importance measure is not the absolute value of the sum
of the coeﬃcients in the bootstrap lasso estimates, but the number of boostrap estimates in which the coeﬃcient for
that variable is non zero. We prefer this measure because it is independent of the size of dummy variables, but also
some continuous variable, and it is not clear if a standardization would be enough to make importance measure, which
depend on the coeﬃcient values, directly comparable.
4. Results
In this section we present and discuss the variables related to the dropout probability at the University of Trieste
according to the boostrap procedure in which the lasso is repeated on boostrap samples, and we compare them with the
estimates implemented with both lasso and AIC stepwise selection standard procedures. We also report the percentage
of times that the variable is included (the coeﬃcient is non zero) which can be seen as an indicator of importance of
each variable. It also allows to obtain standard deviations of estimates which keep into account the uncertainty of
the selection procedure. The results are grouped in ﬁve categories which report the main covariates inﬂuencing the
withdrawal probability: personal characteristics (table 1); educational background and faculty (table 2); university
career information (table 3); academic year of enrollment (table 4); occupation status (table 5).
In general terms, we note that the evidence is quite mixed if we look at the AIC and (normal) lasso procedures:
the sets of selected variables according to the two methods only partially overlap. The advantage of the random lasso
procedure is that it oﬀers an estimated coeﬃcient for all variables as well as a measure of relevance (the probability
of inclusion) which is more deﬁned than the mere inclusion/exclusion.
It is also to be noted that the random lasso standard errors, which allow for the uncertainty due to the selection
procedure, are large relatively to the coeﬃcients estimates, thus suggesting that, at least for this data, the eﬀects are
not easily detected.
4.1. Personal characteristics
Unlike major ﬁndings in the literature (i.e. Arulampalam et al. (2004), Di Pietro and Cutillo (2008), Belloc et al.
(2011)), we observe that male and female students are equally likely to dropout. The enrollment age of the students
plays an important role: older students show a higher probability of dropping out. The interaction between gender
(male) and resident in FVG region reduces the dropout propensity. To be resident in Italy, instead, increases the
probability of withdraw and this might indicate that foreign students are more spurred on completing their degree
course. Finally, students included in the II class of income range, in which the income exceeds the average, have
less propensity to abandon the academic career. On the other hand, belonging to the III class of income range, which
corresponds to students not stating their income and thereby not having any reduction in tuition fees, increases the
likelihood of withdrawal, and not stating income might be seen as an indicator of lower motivations in achieving the
degree.
4.2. Educational background and Faculty
With respect to educational backgrounds, the estimate computed with random lasso procedure shows a weak and
inverse eﬀect of the high school mark on dropout probability, as in Boero et al. (2005) research, whereas lasso method
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Table 1. Estimates of the coeﬃcients based on: a standard AIC stepwise selection strategy (βˆSW ), lasso (βˆL), random lasso (βˆRL). For the
random lasso is also reported: the standard deviation of random lasso estimates (sd(βˆRL)) and the percentage of times that the variable is included
(p(βˆRL  0) ).
Covariates βSW βˆL βˆRL sd(βˆRL) p(βˆRL  0)
Personal characteristics:
Gender: male 0 −0.050 −0.006 0.147 0.215
Age 0.049 0 0.007 0.026 0.275
Age = 22 year −0.258 0.120 −0.029 0.158 0.295
Age > 22 year 0 0.101 0.174 0.299 0.350
Residence in FVG 0 0 −0.048 0.107 0.238
Male and Res. FVG 0 −0.055 −0.028 0.082 0.217
Residence in Italy 0.468 0.351 0.084 0.146 0.302
II class of income range 0.166 0 −0.029 0.101 0.182
III class of income range 0.240 0.058 0.087 0.145 0.362
and AIC stepwise selection reveal a positive relation between high school mark and withdrawal likelihood. In addition,
the interaction between sex (male) and high school mark shows that the probability of dropping out for male students
decreases as high school mark increases. The analysis also attempts to take into account the academic preparedness
of the students and the interaction among high school mark, type of diploma and faculty. We see that obtaining
the diploma at a scientiﬁc lyceum, i.e. a college-oriented high school, reduces the withdrawal risk, the opposite
being true for the commercial institute diploma, i.e. labour-market oriented high school. As regards the faculty, we
Table 2. Estimates of the coeﬃcients based on: a standard AIC stepwise selection strategy (βˆSW ), lasso (βˆL), random lasso (βˆRL). For the
random lasso is also reported: the standard deviation of random lasso estimates (sd(βˆRL)) and the percentage of times that the variable is included
(p(βˆRL  0) ).
Covariates βSW βˆL βˆRL sd(βˆRL) p(βˆRL  0)
Educational backgrounds and Faculty:
High School Mark 0.032 0.016 −4.020 × 10−4 0.009 0.250
High School Mark and Male −0.002 0 −3.242 × 10−4 0.002 0.176
Scientiﬁc Lyceum 0 −0.045 −0.072 0.235 0.284
Commercial Institute 0.882 0.022 0.090 0.225 0.276
High School Mark and Scientiﬁc Lyceum 0 0 -0.001 0.004 0.293
High School Mark and Commercial Institute −0.011 0 0.001 0.002 0.266
Engineering −0.193 −0.137 −0.052 0.129 0.259
Advance School of Modern Languages for Interpreters and Translators −0.355 −0.118 −0.169 0.332 0.280
Economics 0 −0.020 −0.024 0.079 0.204
Educational Sciences 0.319 0.233 0.092 0.141 0.356
Science 0 0 0.028 0.109 0.226
Political Sciences 0.650 0.291 0.026 0.131 0.226
Pharmacy 0 0 0.035 0.183 0.224
Scientiﬁc Lyceum and Engineering −0.577 −0.304 −0.175 0.269 0.360
Scientiﬁc Lyceum and Educational Sciences 0 0 0.069 0.170 0.220
Commercial Institute and Educational Sciences 0 0 0.050 0.114 0.272
Commercial Institute and Engineering 0 0 0.016 0.123 0.256
Commercial Institute and Literature and Philosophy 0 0.014 0.068 0.144 0.283
Diploma with specialisation in teacher training and Educational Sciences 0 0 0.051 0.134 0.224
Fixed number degree courses 0 0 −0.064 0.164 0.253
Commercial Institute and faculty of Medicine 0 0 −0.088 0.266 0.195
observe the lower probability of withdraw in Engineering, Advance School of Modern Languages for Interpreters
and Translators and Economics, while the worst performance is noted for the Educational Sciences faculty, even
for students with scientiﬁc lyceum diploma. Other faculties with a high dropout are Science, Political Sciences and
Pharmacy. An unsuitable preparation increases the risk of dropping out, as, for example, the interactions between
commercial institute diploma and Literature and Philosophy faculty displays. However, an appropriate pre-academic
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education does not always guarantee success in the degree attaindance, as the case of the interaction between high
school diploma with specialisation in teacher training and Educational Sciences faculty.
The last variable considered in this category covers the topic related to the degree courses in which the number of
admitted students is conditioned to passing an entry selection. The reported result reveals that the students enrolled in
a ﬁxed number degree course have lower propensity to dropout, even if the high-school preparedness does not match
with degree subject, such as the result obtained with the interaction between commercial institute diploma and faculty
of Medicine. This may be due to the fact that pre-selection ensure the enrollment of students which, on average, are
more motivated and prepared.
4.3. University career information
As we anticipated, according to relevant literatures, the performance of the students during the ﬁrst year aﬀects
their decision to continue studying: both acquiring credits and increasing the average of the exam marks reduce the
probability of withdraw.
Moreover, receiving a scholarships for low-income students rises their likelihood of enrolling in the second year,
as Mealli and Rampichini (2012) partially shown.
Table 3. Estimates of the coeﬃcients based on: a standard AIC stepwise selection strategy (βˆSW ), lasso (βˆL), random lasso (βˆRL). For the
random lasso is also reported: the standard deviation of random lasso estimates (sd(βˆRL)) and the percentage of times that the variable is included
(p(βˆRL  0) ).
Covariates βSW βˆL βˆRL sd(βˆRL) p(βˆRL  0)
University career information:
CFU 1styear −0.095 −0.087 −0.039 0.050 0.388
Exam mark 1styear −0.036 −0.034 −0.036 0.054 0.372
Winning the income-based scholarship 0 0 -0.138 0.304 0.245
4.4. Academic year of enrollment
We note that in the 2008 and subsequent academic years the propensity of dropout is positive and higher than
that observed in 2007. Taking into account the economic recession after 2007 and its consequences, a theoretical
interpretation of the students behavior might be associated with the expectation on the post-university employment
probability. An increase in the unemployment rate in regional labour market would negatively aﬀect the expected rate
of return on investments in human capital, leading to a higher dropout (Smith and Naylor, 2001). It is also worth
to note, that starting with the year 2008, the regional Job Agency collect not only the private contracts, but also the
public ones. This may aﬀect the dropout response.
Table 4. Estimates of the coeﬃcients based on: a standard AIC stepwise selection strategy (βˆSW ), lasso (βˆL), random lasso (βˆRL). For the
random lasso is also reported: the standard deviation of random lasso estimates (sd(βˆRL)) and the percentage of times that the variable is included
(p(βˆRL  0) ).
Covariates βSW βˆL βˆRL sd(βˆRL) p(βˆRL  0)
Academic year:
2007 0 −0.029 −0.038 0.071 0.295
2008 0.441 0.150 0.059 0.098 0.321
2009 0.291 0 0.024 0.065 0.180
2010 0.316 0 0.019 0.060 0.157
4.5. Occupation status
With respect to the occupation status, the enrolled students who work both full and part time, are more likely to
withdraw.
69 Laura Chies et al. /  Procedia Economics and Finance  17 ( 2014 )  63 – 70 
Table 5. Estimates of the coeﬃcients based on: a standard AIC stepwise selection strategy (βˆSW ), lasso (βˆL), random lasso (βˆRL). For the
random lasso is also reported: the standard deviation of random lasso estimates (sd(βˆRL)) and the percentage of times that the variable is included
(p(βˆRL  0) ).
Covariates βSW βˆL βˆRL sd(βˆRL) p(βˆRL  0)
Occupation status:
Full time 0.710 0.229 0.074 0.144 0.274
Part-time 0.619 0.121 0.055 0.134 0.209
Number of working days in:
1styear 0 0 7.643 × 10−4 0.001 0.271
summer 1styear 0 0.001 0.001 0.003 0.171
1styear (weighted) 0 0.003 8.325 × 10−4 0.001 0.280
summer 1styear (weighted) 0 0 0.002 0.004 0.185
2ndyear −13.729 −0.025 −0.013 0.020 0.345
summer 2ndyear 0 −0.010 −0.010 0.021 0.315
2ndyear (weighted) 0 0 −0.010 0.023 0.259
summer 2ndyear (weighted) 0 0 −0.008 0.023 0.229
The information related to the number of working days during the ﬁrst year does not show signiﬁcant eﬀect on the
probability of dropping out, while working during the second year decreases the probability of leaving the university.
It is worth to note, that the very high coeﬃcient of “Number of working days in 2ndyear” variable, according to the
stepwise procedure is not surprising, as the stepwise procedure is the less adequate in presence of a high number of
covariates.
5. Conclusion
The paper presents an analysis on the university dropout measured by means of a binary variable indicating the
retention versus the dropout at the second year of 23, 333 undergraduate students enrolled at the university of Trieste
from 2003 to 2010 academic year.
The empirical analysis employs data at the individual level provided by the University of Trieste administrative
register that we matched with data from the Job Agency of the Friuli Venezia Giulia region register.
The probability of dropout is modeled taking account of individual characteristics, university performance and job
placement, including some relevant interactions. In order to tackle the issue of choosing the pertinent covariates we
use a standard AIC stepwise selection strategy and the lasso and random lasso techniques.
Our analysis shows that being young, resident in FVG region, graduate with an academic-oriented diploma, en-
rolling in a ﬁxed number degree course, winning the income-based scholarship and having a good performance –in
terms of both credits and average exam’s marks– during the ﬁrst academic year increase the probability to continue
in the second year. Moreover, observing students having a job during the second year, we note that the probability
of abandoning the university tends to decrease. On the other hand, older students or students with insuﬃcient pre-
academic preparedness reveals the higher likelihood to withdraw. Unexpectedly, doubtful eﬀects or non-signiﬁcant
eﬀects on the dropout are observed for gender, high school mark, number of working days during the ﬁrst year and the
interactions between type of diploma and number of working days during ﬁrst year. This result related to the eﬀect of
the high school mark, together with the gender eﬀect described above, is of particular interest because it diﬀers from
similar studies in education literature, see for instance Di Pietro and Cutillo (2008), Belloc et al. (2011), who do not
consider the occupation status. Our study also presents some limitations. We only consider the dropout out of the
University of Trieste disregarding other forms of dropout such as the change of course and faculty. Future directions
of our research will consider the inclusion in the model of such factors as well as the characteristics that inﬂuence the
conclusion of the studies.
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